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This invention.relates fo resins prepared from 
aldehyde.reactable, resin forming amino com- 
Pottuds, and more partïcularly, the invention re- 
lates to aminotriazine-resins modified with pyri- 
OEne bases. 
An Objéct Of this invention is fo provide a new 
clas of resinOus materials. 
A flrtiïerobject is to provide modified amino- 
triazinë resins. 
stfll another object is to provide improved 
aminetriazine resins especial.ly for use as ton 
exchan.ge resins. 
The.se and other objects are attained by react- 
ing an aldehdereactable, resin-ïorming amino 
comp0und ïth a pyridine base and an aldehyde. 
The. followng examples are given in illustra- 
 fi0n and are hot intended to limit the scope oï 
this invention. Whçre parts are gvën, they are 
parts .by wight. 
« I 
A mixture ï 63 parts of melamine, .43 parts 
of ïormalin (37% formaldehyde), and 3.0 parts 
of 2,6lutidine was reacted ata temperature of 
about 94 .to 99 ° C. for several hours at a pli of 25 
about 8 to 9. The product was then dehydrated 
under vacuum .t0 yield  cléar liquid comprising 
a soït resin of relati-¢ely high .molecular weight 
and.a .small amount of water. This liquid prod- 
uct was !nfinitely dilutable with water without 30 
precpiating the resin. The liquid was .used to 
1ncrease the wet strength of Paper by neutralizin 
.it with hydrochloric acid and applying the neu- 
tral liquid to a paper web or adding it to a slurry 
of cellulose fibe:s, forming a paper web from the 35 
.bers and then curing the resin in the web. A 
r.esin pickuP of from 3 to 5% by weight was 
sufcient o .cause a substantial increase in the 
wet .streng.th of .the paper. 
If desired, the reacion could be carried to 40 
the hydroph0be point by longer reaction under 
alkaline conditions or even fo a point where the 
pr0duct was insoluble in hot water. The prod- 
.ucts of the longer reaction rime could be cured 
to an !nïusible sate by the action of heat and 45 
._a çring .cata!ys which miht be either acid 
or alkalne _n nature. 
oe« II 
Example I was repeated. The product was hot 50 
dehydrated, but-was allowed fo cool to room tem- 
perat.ure to obtain a water solution of the soluble 
resin. To this solutien were added 70parts of, 
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37% hydrochloric acid. During the acid addi- 
tion, the temperature of the solution rose fo 
about 70 ° C. and a pli of about 2 was observed. 
The acidified solution was heated ïor about 2 
 hours at 70 to I00 ° C. when a white precipitate 
ïormed. 119 parts of 37% hydrochloric acid and 
250 parts oï water were then added with vigorous 
agitation fo form a soït white gel. This gel was 
tl]en broken up, slurried with more water, filtered 
10 and dried ai 105 ° C. to obtain a cured resin, 
whlch was insoluble and infusible. The solid 
resin was pulverized, screened, and washed with 
alkali. The product was a hard, white, insoluble 
powder. 
l The white powder thus prepared was evalu- 
ated as an anion exchange resin by the stand- 
ard static evaluation method described by I. J. 
Meyers et al. in I. E. C., 33, 1270, 1941, using 
dilute hydrochloric acid as the exhausting agent. 
20 The resin was round to have a capacity of 1.32 
grain mflli-equivalents per mfllfliter which, when 
expressed in terms of calcium carbonate, 
amounts to 29.8 kilo. grains per cubic oot. The 
anion exchange properties could be easily and 
quickly regenerated by treaçing the resin with 
5odium hydroxide or other basic ,materials. 
Examp[e III 
A mixture of 4 mols of alpha pico!ine with 6 
mois of ïormaldehyde was reacted at a pli of 
about 8 to 9 and atemperature of about 95 ° C. 
foi" about 30 minutes. 1 mol of melamine was 
then added to the reaction mixture, and the 
reaction was continued under the same condi- 
tions untfl a hard, whitc, insoluble gel was ob- 
tained. The gel could be comminuted and used 
as an efficient anion exchane resin. 
In place of the melamine shown in the ex- 
amples, other aldehyde-reactable, resin-forming 
amino compounds having at least 1 amino group 
to which at least 1 active hydrogen group is at- 
tached may be used. Examples-of such com- 
pounds are urea, thiourea, dicyandiamide, guani- 
dine, substituted guanidines, thioammeline, 
aminotriazines including ïormoguanidine, mel- 
am, melem, 2-amino-l,3,5-triazine, triazines 
wherein one or more of the mino groups are 
substffuted by hydroxy, halogen, alkyl, .aryl or 
aralkyl groups, triazines wherein the hydrogen 
atoms "Of the amino groups are partially substi- 
tuted b'y "amin0, a]kyl, aryl or aralkyl groups such 
-as .2,4,6rihydrazine-l,3,5-triazine, 2,4,6-trieth- 



»600»698 

3 
yl-triamino-l,3,5 - triazine, 2,4,6-triphenyl - tri- 
amino-l,3,5-triazine, etc. Mixtures of the alde- 
hyde-reactable, resin-forming amino compounds 
may be used. 
ïhe aldhyde used may be ïormaldehyde or 
other aliphatic, aromatic, or heterocyclic lde- 
hyde such as acetaldehyde, propionaldehyde, 
butyraldehyde, valeraldehyde, octaldehyde, ben- 
zaldehyde, ïurfural, cirmamaldehyde, croton- 
aldehyde, etc. Mixtures of two or more alde- 
hydes may be used. The amount of aldehyde 
used will depend on the number of active hydro- 
gen atoms associated with the particu!ar amino 
compound being treated. Sufficient aldehyde 
may be used to react with all oï the active hy- 
drogens present, and itis often ïound convenient 
to use an excess of aldehyde. For example, with 
melamine, 6 or more mols of aldehyde may be 
used per mol of me!amine. However, it is within 
the scope of this invention to use lesser amounts 
of aldehydes down to about 1 mol per mol of 
amino compound. 
The 2,6-1utidine and the alpha picoline oï the 
examples may be replaced in whole or in part 
by other pyridine bases pyridine derivatives, and 
other heterocyclic compounds containing nitro- 
gen in the ring as listed below. ïhe pyridine 
bases may be defined as compounds derived ïrom 
pyridine by the substitution of at least one oï 
the hydrogen atoms attached to carbon by an 
alkyl, aryl, aralkyl, amino, etc., group which con- 
tains at least 1 active hydrogen atom. Examples 
oï the pyridine bases which may be used are the 
picolines, the lutidines, the collidines, the par- 
vulines, the parvolines, ethylcollidine, rubidine, 
viridine, the amino methyl pyridines including 2= 
amino-3-methyl pyridine, 2-amino-6-methyl py- 
.ridine, etc., 4-amyl pyridine, 2-hexyl pyridine, 
benzyl pyridine, phenyl pyridine, etc., methyl 
quinolines, other alkyl quinolines, etc. The 
amount of pyridine base which may be used de- 
pends somewhat on the amount of aldehyde used 
and the number of active hydrogen atoms on the 
aldehyde-reactable, resin-forming amino com- 
pound used. If the maximum amount of alde- 
hyde is used, the maximum amount of pyridine 
base may be equivalent on a molar basis fo the 
number of active hydrogen atoms on the amino 
compound. For example, if 1 mol of melamine 
is reacted with 6 or more mols of formaldehyde, 
6 mols of a pyridine base may be employed. 
However, it is preïerred to use from about 0.5 
to about 0.7 mol of pyridine base per active hy- 
drogen atom of the aldehyde-reactable amino 
compound. Thus, when melamine is the amino 
compound and 6 mols oï formaldehyde are used, 
from 3 to 4 mols of pyridlne base will be em- 
ployed. However, an excess of the pyridine base 
may be used and the excess removed af the end 
of the reaction by distillation. 
The reaction between the amino compounds, 
the aldehyde, and the pyridine base may be car- 
ried out simultanously, or the aldehyde may be 
reacted first with either the amino compound or 
the pyridine base and the product reacted with 
the remaining component. If the amino com- 
pound is reacted with the aldehyde before the 
addition of the pyridine base, the reaction may 
be carried out at a pli above 7 and preferably 
from about 8 fo about 9, af temperatures rang- 
ing fr0m 30 ° C. fo 100 ° C. The pyridine base 
may then be added fo the reaction product and 
reaction continued under the saine conditions, or, 
if desired, the reaction medium may be ruade 
acid with organic or Lnorganic acids, care being 
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taken to use more acid than is sufllcient to form 
a sali with the pyridine base. Preferably, the 
reaction between the pyridine base and the other 
components is carried out af temperatures rang= 
5 Lug from 85 ° C. to 100 ° C. in order to obtain a 
stable product which does not break down under 
subsequent treatment above 80 ° C. 
By varying the duration of the reaction, prod- 
ucts having widely different properties may be 
Io obtained. For example, by stopping the reaction 
before the hydrophobe point is reached, a water- 
soluble, high molecular weight, stable, liquid resin 
is obtained which is both soluble and fusible. 
Conversely, by continuing the reaction to the 
!:J hydrophobe point, a stable, solid resin is obtained 
which is ïusible, but soluble only in hot water. 
The Solid resin has a higher molecular weight 
than the liquid resin. If desired, the reaction 
may be carried still ïurther until a stable, solid 
0 resin insoluble in hot water is obtained, said resin 
being at least partially fusible. It is also possible 
to obtain an insoluble, infusible resin by pro- 
longed heating of the reaction mixture. 
The soluble, fusible liquid resin may be used 
25 for treating textiles, fabrics, etc. It is preferable 
for these uses to neutralize the alkaline medium 
so that a nearly neutral resin may be applied 
to the desired material. The resins may be 
cured to an insoluble, infusible state by heat 
: alone or with the aid of an acid or alkaline-cur- 
ing catalyst. If phophoric acid or an ammonium 
acid phosphate is used to neutralize the alkaline 
medium, the resulting liquid resins when impreg- 
uated into cloth will fiameproof the cloth as well 
:.5 as render it creaseproof and moisture=resistant. 
When acids are used to neutralize the alkaline 
conditions, the resultant resins bave a strong 
flnty ïor paper fibers and will migrate rapidly 
and become firmly attached to the fibers when 
40 added to an aqueous slurry of the fibers in a 
beater. They do not have tobe precipitated on 
the fibers with acid or acid=reacting substances 
such as alum, and they may be cured thereon 
by the application of heat. ïhe resultant paper 
45 bas unusually high wet and dry strength. 
For some applications, it is desirable to have 
a resin of higher molecular weight, and extreme 
solubility in water is not necessary. In such cases 
the resin-forming reaction is carried to the hy- 
:0 drophobe point, the resin is dehydrated, and 
then used as a dry resin alone or compounded 
with other conventional ingredients such as dyes, 
fillers, pigments, lubricants, etc. Such dry, solid 
resins may be used as molding powders and may 
,5 be cured under heat and pressure to provide hard, 
glossy, molded objects. 
For use as ion exchange resins, the reaction 
of this invention is carried to the final stage 
to obtain a resin completely insoluble in water 
0 and infusible. As shown in Example II, this 
preïerably done by acidifying the reaction mix- 
ture and finishing the reaction under acid condi- 
tions. By this method, a granular material is 
obtained which may be used directly as an anion 
5 exchange material, or it may be ground to ob- 
tain a particular particle size prior to its use 
in ion exchange processes. The resins show rela- 
tively high power of absorption of dflute hydro- 
chloric acid and are easily regenerated With an 
, 0 alkali such as ammonia or sodium hydroxide. 
The condensation products of the amino com- 
pound with the aldehyde and pyridine base may 
be rendered more basic and thus more effective 
for use as an anion exchange resin by a hy- 
75 drogenation process. The hydrogenation is pref- 



eablY carried out with nascent hydrogen lro- 
ïed!:bY'/heaction of a strong mineraracid on 
ëÏ divded, metals. Thus, a solid resin pre- 
e. a in. Example II ma-be pulverized and 
bh0rughlY med with a finely vid metal, 
h  s ckel, i.ron, etc., and-then teated with 
a strong miçeral acid, such as hydrochloric acid 
fo pçgdce hydrogen which reduces the resin. A 
ore conveen meth9d for icorpoçti the 
ely divided metl.in the resin fo iure more 
ecient hyogention is fo dd the finely 
vid metM fo the Ikline rection medium be- 
fore  solid resin hs bn obtined. The 
ction  then continued until  solid product con- 
ti fily divided metl thoroughly OEspersed 
therethrough results. This product my then be 
pulverized nd treted with  strong minerl cid 
to hyogente the resin. 
The condetion products of this invention 
my be fther moded by rection with Ikyl 
hlides fo provide quterry mmoum 
the sIts being then converted into  quternry 
mmoum bse with IkMi. These quternry 
oum compounds re very strong bases nd 
are extremely ecient s on exchnge resi, 
being strong enough fo remove the wekest of 
cids from queous solution. For exemple, 
resin me ccording fo Example ii my be 
ct t bout 50  C. with n excess of methyl 
iode dissolved in benzene, nd the product 
treted with sooEum hydroxide fo form the qu- 
ternry mmom bse. Other Ikyl hMides 
well s rIkyl hlides, ryl hdes, tertiry Ikyl 
hHdes, dimethyl sulfate, etc., may be used fo 
form the quternry mmoum bse. If is Iso 
possible nd in some cses preferable fo form 
the quternry deriwtive of the pyrine base 
prior fo the rection with the aldehyde nd the 
amino compo. 
if is obvious tht mny vritions my be 
mde in the process nd products of this inven- 
tion without deprting from the spirit and score 
thereof s deed in the appended clims. 
Wht is climed is: 
I. A stable condetion product comprising 
the condeation product of 1 mol oï melne, 
with from I fo 6 mols of an Idehyde and from 
3 fo 4 mols of  pyridine bse, the condetion 
reaction hving been crried out t 85-i00  C. 
2. A stable condenstion product compring 
the condenstion product of I mol of melane, 
with from 1 fo 6 mols of fonnIdehyde nd from 
3 fo 4 mols of  pyrine buse, the condetion 
rection having been crried out t 85-i00 ° C. 
3. A stable condestion product comprising 
the product obtined by recting 1 mol of mel- 
ne with ïrom I fo 6 mols of formMdehyde nd 
from 3 fo 4 mols of 2,6-1utidine t ïrom 
85-i00  C. 
4. A stable condenstion product comprising 
the product obtined by recting one mol of mel- 
ne with from 1 fo 6 mols of formIdehyde 
and from 3 fo 4 mols of Iph picoHne t from 
5-I00 » C. 
5. A stb!e condenstion product comprising 
the product obtined by rectg 
from 1 fo 6 mols of n aldehyde with 1 mol of n 
Idehyde-retble aminotrizine conti 
le,st one umino group fo which is ttached 
le,st one ctive hydrogen atom and from 0.5-0.7 
mol of 
trogen atom in the ring per ctive hyogen 
tom on the minotriazlne, nd therefter re- 
ducing the product with scent hydrogen, sid 
terocyclic compound being tken from the 
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rop cotp.g, o" ],l e« e 
o oï thehydroen atoms attached to a OErbon 
5 raoEcal taken from the group coistg of aryl, 
aralkyl and ano racals which cotti 
-la,st one active hyogen atom. 
6.. A stable condeatton prpduct compisg 
the product obtained by reacting  85!00  C. 
l rom i fo 6 mols of an aldehyde with 1.mql of 
an ldehyde-reactble aminoriazine contang 
at least che amino group to wch is attached 
least che active hyogen atom and from 0.5-0. 
mol of a heterocyclic compound containg a 
1» trogen atom in the ring per active hyogen 
atom on the mninotriaze, and thereaïter re- 
acting the product with an alkyl halide, said 
heterocyclic compound beig taken ïrom the 
group consisting oï alkyl qnoles, pyrlde 
20 bases and pylône derivatives in which ai least 
che of the hydrogen atoms attached to a carbon 
tom of the pyrioEne ring is substituted by a 
radical taken rom the group constg oï aryl, 
arall and ano radicals which contain af least 
 one active hydrogen atom. 
. A stable condeation product compring 
the Rroduct obtained by reacting at ïrom 85-100  
C. from 1 to 6 mols oï an aldehyde with 1 mol of 
an aldehyde-reactable atriazine containg 
0 atleast Che amino group fo which is attached 
at least one active hyogen atom and rom 
0.-0. mol of a heterocyclic compound contain « 
n a nitrogen atom in the ring per active 
droen atom on the aminotriazine, reacting said 
» coudeation product with an alkyl harde ol- 
iowed by further reaction oï the product with an 
a!ka!i to obtain a quaternary ammonium base, 
said heterocyclic compound beg taken from the 
group coisting o all qnolis, pyridine 
40 bases and pyrJdine derivatives in which ai least 
one of the hydrogen atoms attached fo a carbon 
tom oï the pyrine ring is substitud by a 
cal taken from the group coting oï aryl, ar- 
alkyl nd amino radicals which contain af least 
4 one active hydrogen atom. 
8. A stable condensation product taken from 
the group consisting of (1) condensation prod- 
uc of an aldehyde, a heterocycc compound 
containg a nitrogen atom in the ring and an 
,) a!dehyde-rectable aminotriazine containg at 
least one amno group fo which is attached ai 
)esst one active hyogen atom, () the hy- 
drogenation products oï said condeation prod- 
uct, and (3) the quaternary ammoum derlva- 
 rives of said condensation products in which 
itrogen of the heterocyclic compound is quater- 
nized, said condensation products having bn 
Drepared by condensing che mol of the ano- 
triazine with from 1 fo 6 mols of the aldehyde and 
ç ïrom 0.5 fo 0.7 mol of the heterocyclic compound 
for each active hydrogen atom in the anotri- 
azine, the condeation reaction being carried 
out ai from 85 fo 100  C., said heterocycHc com- 
pods being taken ïrom the group consisting 
c of alkyl qnones, pyride bases, and pine 
deriwtives in which ai least one oï the hydrogen 
atoms attached fo a carbon atom oï the pioEne 
 ri=g  substituted by a radical taken rom the 
group consisting of aryl, aralkyl and amino ra- 
7o cals which contain ai !east one active hydrogen 
atom. 
LTON J. SCOTT. 
ELWOOD F. JACKSON. 
75 (References on foowg pge) 
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